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© In an alignment adjusting system for use in an 
optical system in an optical transceiver, including an 
optical antenna (10) having a main mirror (1a) and a 
submirror (2), both of which being provided around 
an optical axis (CL) of said optical antenna (10), the 
optical antenna (10) being coupled through optical 
coupling means (4, 11 to 15) to the optical tran- 
sceiver. The optical antenna (10) transmits a beam 
of transmitting light outputted from the optical tran- 
sceiver to an optical antenna of a destination station 
after sequentially reflecting the beam of transmitting 
light by the submirror (2) and the main mirror (1a). A 
return-reflection mirror (1b) provided in either one of 




the main mirror (1a) and the submirror (2) return- 
reflects a part of the beam of transmitting light. A 
photodetector (30, 31) detects a defocusing amount 
of the beam of transmitting light in the optical an- 
tenna (10) in response to the beam of transmitting 
light return-reflected, and a moving mechanism 
moves the submirror in a direction parallel to the 
optical axis (CL) of the optical antenna (10). Further, 
a controller (20) controls the moving mechanism (2d) 
so that the defocusing amount of the beam of trans- 
mitting light becomes substantially zero, in response 
to a defocusing amount of the beam of transmitting 
light. 



Fig. t 
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BACKGROUND OF THE INVENTION 

1. Field f th Inv ntlon 

The present invention relates to an alignment 
adjusting system for use in an optical system of an 
optical transceiver, in particular, which is used for 
intersatellite communications. 

2. Description of the Related Art 

Conventionally, optical communications using a 
beam of laser light have the following features: 

(a) since the wavelength of the laser light is 
smaller than one thousandth that of the micro- 
wave, antennas and transceivers can be down- 
sized; 

(b) since a wider frequency band can be used, 
communications with a lager capacity can be 
performed in a higher speed; and 

(c) since sharp laser beams are used, mutual 
interference among them can be neglected. 

However, to make the best use of the above 
features, it is necessary to direct sharper laser 
beam to an antenna of the destination station with 
higher accuracy. For example, in an optical com- 
munication between a geostationary satellite and a 
low-earth-orbiting satellite, it is necessary to pro- 
vide an optical antenna having an aperture diam- 
eter aperture of about 20 cm. When a convention- 
ally used semiconductor laser light with a 
wavelength of 0.83 urn is used, the half-width of a 
beam of transmitting laser light becomes approxi- 
mately 5 micro-radian, In this case, pointing and 
tracking with an accuracy of 1 micro-radian or less 
is required to maintain a stable optical communica- 
tion. Further, for an optical transceiver to be pro- 
vided in a low-earth-orbiting satellite, it is neces- 
sary to provide a wider directivity range over 2-n 
steradian or more in solid angle in the sphere. 

In a conventional pointing and tracking system, 
in order to simultaneously obtain a wider angle 
range and a higher tracking accuracy, there has 
been used a control system having a double feed- 
back loop, comprising: 

(a) a coarse tracking system having a relatively 
slow response speed but having a wider field of 
view, wherein the coarse tracking system com- 
prises a CCD sensor, and two-axes gimbals for 
controlling an optical antenna with two direc- 
tions; and 

(b) a fine tracking system having a narrower 
field of view but having a higher speed re- 
sponse, wherein the fine tracking system com- 
prises a quadrant detector sensor (hereinafter, 
referred to as a QD sensor) composed of four 
photodiode cells divided into four quadrants, and 
a fine pointing mirror module (hereinaft r, re- 



ferred to as an FPM). 
Besides, a conventional center-f d cass grain 
type optical ant nna compris s a main mirror con- 
sisting of a concave parabolic mirror, and a submir- 

5 ror consisting of a convex hyperbolic mirror. In the 
center-fed cassegrain type optical antenna, after a 
beam of transmitting laser light outputted from an 
optical transceiver is led to the submirror through a 
hole formed in the center of the main mirror, the 

/o beam of laser light is reflected by the submirror, 
and then is reflected by the main mirror. There- 
after, the beam of transmitting laser light is trans- 
mitted to an optical antenna of a destination station. 
Further, in a conventional pointing, acquisition 

75 and tracking control system, the initial acquisition is 
performed by receiving a beacon light having a 
wider field of view transmitted from a satellite of a 
destination station. In this case, a CCD sensor is 
used as the acquisition sensor, and then an error 

20 from the tracking center of the luminescent spot of 
the beacon light which is outputted from the CCD 
sensor is detected. Thereafter, based on the de- 
tected error, the two-axes gimbals mechanically 
connected with the optical antenna are controlled to 

25 be driven, so that the optical antenna is directed to 
the satellite of the destination station. The beacon 
light is then captured within the field of view of the 
QD sensor, and thereafter, tracking errors in two 
directions perpendicular to each other are detected 

30 based on a relative ratio of amounts of light in- 
cident on the respective photodiode cells of the QD 
sensor. Based on the tracking errors, the driving 
mechanism of the FPM is controlled to be driven 
so that a beam of laser light transmitted from the 

35 satellite of the destination station is captured within 
the field of view of a receiving photodiode sensor 
(hereinafter, photodiode sensor will be referred to 
as a PD sensor). Further, a point-ahead mirror 
module (hereinafter, referred to as a PAM) is used 

40 to correct a point-ahead angle of a beam of trans- 
mitting laser light so as to be substantially zero, 
namely, to accurately illuminate the destination sta- 
tion, which will be described in detail later. Then, a 
beam of laser light is transmitted in the corrected 

45 direction toward the optical antenna of the destina- 
tion station, and then the optical communication is 
started. 

To maintain the tracking accuracy under se- 
vere environments such as a large vibration at the 

so launching of the satellite, a large variation in the 
ambient temperature, so that optical communica- 
tion can be carried out, it is necessary to provide 1 
urn or less alignment accuracy for arrangement of 
devices of the optical syst m including mirrors and 

55 lenses. For this reason, conventionally, by using 
Invar (trademark: Ni-based alloy) or Zerodur (trade- 
mark: glass ceramic material), each of which has a 
small thermal expansion coefficient and has estab- 
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lished performance results as a material constitut- 
ing precision optical equipment, such design has 
b en implemented that arrang ment of optical de- 
vices will not change due to change in tempera- 
ture. 

However, there have been such problems that 
the above-mentioned Invar has a relatively large 
specific gravity while the above-mentioned Zerodur 
encounters difficulty in processing the same into a 
complex shape. 

Suited for structural materials for optical tran- 
sceiver to be provided in the satellite are light- 
weight metal materials with a specific gravity as 
small as possible and a thermal conductivity as 
large as possible, such as Al, Mg, Be or the like. 
However, the light-weight metal materials, in gen- 
eral, have relatively large thermal expansion coeffi- 
cients, respectively, and therefore, it is necessary 
to provide an alignment adjustment mechanism for 
compensating for alignment errors in equipment 
arrangement due to thermal expansion in order to 
achieve optical communications. However, there 
has been provided no proper method for adjusting 
alignment of the optical transceiver after launching 
of the satellite. Even if such adjustment is made 
possible in some way, severe demand for accuracy 
would cause the optical transceiver provided com- 
prising an optical antenna to be relatively large 
sized because of the provision of the alignment 
adjustment mechanism, disadvantageously. 

SUMMARY OF THE INVENTION 

An essential object of the present invention is 
therefore to provide an alignment adjusting system 
for use in an optical system of an optical tran- 
sceiver, having a smaller size and a smaller weight 
than those of the conventional apparatuses, and 
being capable of adjusting the arrangement of the 
optical system with higher accuracy. 

In order to achieve the aforementioned objec- 
tive, according to one aspect of the present inven- 
tion, there is provided an alignment adjusting sys- 
tem for use in an optical system in an optical 
transceiver, comprising: 

an optical antenna having a main mirror and a 
submirror, both of which being provided around an 
optical axis of said optical antenna and away from 
each other by a predetermined interval, said optical 
antenna transmitting a beam of transmitting light 
outputted from said optical transceiver to an optical 
antenna of a destination station after sequentially 
reflecting said beam of transmitting light by said 
submirror and said main mirror; 

an optical coupling means for optically cou- 
pling said optical antenna to said optical trans- 
ceiver; 

a return-reflection mirror for return-reflecting a 
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part of said beam of transmitting light, said return- 
reflection mirror being provided in ither one of 
said main mirror and said submirror; 

first detection means for detecting a defocus- 

5 ing amount of said beam of transmitting light in 
said optical antenna, in response to said beam of 
transmitting light return-reflected by said return- 
reflection mirror; 

first moving means for moving said submirror 

70 in a direction parallel to the optical axis of said 
optical antenna; and 

first control means for controlling said first 
moving means so that the defocusing amount of 
said beam of transmitting light becomes substan- 

rs tially zero, in response to a defocusing amount of 
said beam of transmitting light in said optical an- 
tenna which is detected by said first detection 
means. 

By the arrangement of the above-mentioned 

20 invention, when the reflection mirror for return-re- 
flecting a beam of transmitting light is provided in 
the main mirror, the defocusing amount of the 
beam of transmitting laser light can be corrected 
so as to be substantially zero over the optical 

25 system from the optical transceiver through the 
optical coupling or connection means to the sub- 
mirror and the main mirror of the optical antenna. 
On the other hand, when the reflection mirror for 
return-reflecting a beam of transmitting light is pro- 

30 vided in the submirror, the defocusing amount of 
the beam of transmitting laser light can be cor- 
rected so as to be substantially zero over the 
optical system from the transceiver through the 
optical coupling or connection means to the sub-, 

35 mirror of the optical antenna. As a result, the size 
of the alignment adjusting system for use in the 
optical system in the optical transceiver of the 
present invention can be made smaller and the 
weight thereof can be made smaller than those of 

40 the conventional apparatuses, and further the 
present invention is capable of adjusting arrange- 
ment of the optical system located from the optical 
transceiver through the optical coupling or connec- 
tion means to the submirror or the main mirror of 

45 the optical antenna with a higher accuracy. The 
provision of the alignment adjusting system allows 
the main mirror and the submirror to be made of 
light-weight metal materials each having a relatively 
smaller specific gravity and a relatively larger ther- 

so mal conductivity, such as Al, Mg, Be or the like. 
Accordingly, the weight of the satellite in which the 
optical transceiver is provided can be advanta- 
geously and remarkably reduced. 

Further, in the above-mention d alignment ad- 

55 justing system, said optical antenna sequentially 
reflects a beam of received light received from said 
optical antenna of said destination station by said 
main mirror and said submirror, and thereafter, 
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outputs said b am of refl ct d light to said optical 
transceiver through said optical coupling means; 
and 

said alignment adjusting system further com- 
prising: 

second detection means for detecting a de- 
viation amount of said beam of transmitting light 
from the optical axis of said optical antenna, in 
response to said beam of transmitting light return- 
reflected by said return-reflection mirror; 

third detection means for detecting a deviation 
amount of said beam of received light from the 
optical axis of said optical antenna in response to 
said beam of received light reflected by said sub- 
mirror; 

second moving means for moving the optical 
axis of said beam of transmitting light transmitting 
in said optical coupling means, said second moving 
means being provided in said optical coupling 
means; and 

second control means for controlling said sec- 
ond moving means so that the deviation amount of 
said beam of transmitting light from the optical axis 
of said optical antenna coincides with the deviation 
amount of said beam of received light from the 
optical axis of said optical antenna, in response to 
the deviation amount of said beam of transmitting 
light from the optical axis of said optical antenna 
which is detected by said second detection means 
and the deviation amount of said beam of received 
light from the optical axis of said optical antenna 
which is detected by said third detection means. 

By the arrangement of the above-mentioned 
invention, when the reflection mirror for return-re- 
flecting a beam of transmitting laser light is pro- 
vided in the main mirror, the deviation amount of 
the beam of transmitting light from the optical axis 
of the optical system can be corrected so that the 
optical axis coincides with that of the beam of 
received light, over the optical system from the 
optical transceiver through the optical coupling or 
connection means to the submirror and the main 
mirror of the optical antenna. On the other hand, 
when the reflection mirror for return-reflecting a 
beam of transmitting light is provided in the sub- 
mirror, the deviation amount of the beam of trans- 
mitting laser light from the optical axis of the op- 
tical system can be corrected so that the optical 
axis of the beam of transmitting light coincides with 
that of the beam of received light, over the optical 
system from the optical transceiver through the 
optical coupling or connection means to the sub- 
mirror of the optical antenna. Accordingly, the size 
of th alignm nt adjusting system for use in the 
optical system in the optical transceiver of the 
present invention can be made smaller and the 
weight thereof can be made smaller than those of 
the conventional apparatuses, and further the 
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present invention is capable of adjusting arrang - 
ment of th optical system from the optical tran- 
sceiver through the optical coupling or conn ction 
means to the submirror or the main mirror of the 

5 optical antenna with a higher accuracy. 

Further, in the above-mentioned alignment ad- 
justing system, said main mirror is either one of a 
ring-shaped concave parabolic mirror and a ring- 
shaped concave nearly-parabolic hyperbolic mirror; 

w said return-reflection mirror is either one of a 

ring-shaped concave spherical mirror and a ring- 
shaped concave nearly-spherical elliptical mirror, 
said return-reflection mirror being formed integrally 
together with said main mirror and concentrically 

75 with said main mirror around the optical axis of 
said optical antenna; and 

said main mirror and said return-reflection mir- 
ror are arranged so that a focal point of said main 
mirror coincides with the center of curvature of said 

20 return-reflection mirror. 

Still further, in the above-mentioned alignment 
adjusting system, said main mirror is provided on 
an outer periphery of a ring-shaped body, while 
said return-reflection mirror is provided on an inner 

25 periphery of said ring-shaped body, and 

said return-reflection mirror has an optical 
through hole for passing said beam of transmitting 
light and said beam of received light therethrough, 
said optical through hole having a center coinciding 

30 with the optical axis of said optical antenna, said 
optical through hole being formed so as to be 
concentric with said main mirror around the optical 
axis of said optical antenna. 

Sill more further, in the above-mentioned align- 

35 ment adjusting system, said submirror is a convex 
hyperbolic mirror, and 

said return-reflection mirror is either one of a 
concave spherical mirror and a concave nearly- 
spherical elliptical mirror which is formed integrally 

40 and concentrically with said submirror around the 
optical axis of said optical antenna. 

BRIEF DESCRIPTION OF THE DRAWINGS 

45 These and other objects and features of the 
present invention will become clear from the follow- 
ing description taken in conjunction with the pre- 
ferred embodiments thereof with reference to the 
accompanying drawings throughout which like 
so parts are designated by like reference numerals, 
and in which: 

Fig. 1 is a schematic block diagram showing an 
optical transceiver together with an optical an- 
tenna and an adjusting system for an optical 
55 system of the optical transceiver of a preferred 
embodiment according to the present invention; 
Fig. 2 is a longitudinal cross-sectional view 
showing d tails of the optical antenna shown in 

4 
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Fig. 1; 

Fig. 3 is a front view of an optical detection 
surface of a CCD s nsor shown in Fig. 1 ; 
Fig. 4 is a front view of an optical detection 
surface of a QD sensor shown in Fig. 1; 
Fig. 5 is a longitudinal cross-sectional view of a 
convex parabolic mirror showing an action there- 
of; 

Fig. 6 is a longitudinal cross-sectional view of a 
convex spherical mirror showing an action there- 
of; 

Fig. 7 is a longitudinal cross-sectional view of a 
main mirror of an optical antenna of the present 
invention comprising a convex parabolic mirror 
and a convex spherical mirror; 
Fig. 8 is a flowchart of a control flow showing an 
alignment adjusting process which is executed 
by the adjusting system for the optical system 
of the optical transceiver shown in Fig. 1 ; and 
Fig. 9 is a graph showing a relative sensitivity 
on a reciprocal of a wavefront radius in the 
preferred embodiment according to the present 
invention. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

A preferred embodiment according to the 
present invention is described hereinbelow with the 
accompanying drawings. 

Fig. 1, showing a preferred embodiment of the 
present invention, is a schematic block diagram of 
an optical transceiver comprising an optical an- 
tenna 10 and an alignment adjusting system for an 
optical system for use in optical communications. 

The center-fed cassegrain type optical antenna 
10 of the present preferred embodiment, as shown 
in Fig. 2, comprises the followings: 

(a) a main mirror or reflector 1 comprising a 
ring-shaped concave parabolic mirror 1a for 
transmitting and receiving beams of lights, and a 
ring-shaped concave spherical return-reflection 
mirror or retroreflector 1b for turn-around-reflect- 
ing, retroreflecting or return-reflecting a beam of 
transmitting laser light, both of which are pro- 
vided concentrically around an optical axis CL of 
the beam of laser light, the parabolic mirror 1a 
being provided on the outer periphery of the 
main mirror 1, the concave spherical return- 
reflection mirror 1b being provided on the inner 
periphery of the main mirror 1 and having an 
optical through hole 1h in the center of the 
concave spherical return-reflection mirror 1b, 
and both of the parabolic mirror 1a and the 
spherical return-reflection mirror 1b being 
formed integrally with each other; and 

(b) a submirror or subreflector 2 made of a 
convex hyperbolic mirror provided at a position 
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shifted from the coincident position of th focal 
point Fp of the parabolic mirror 1a and th 
center of curvatur Rc of th sph rical return- 
reflection mirror 1b (for reference characters Fp 

5 and Rc, See Fig, 7) toward the main mirror 1 
around the optical axis CL 
In the center-fed cassegrain type optical an- 
tenna 10, a beam of transmitting laser light output- 
ted from the optical transceiver is led to the sub- 
to mirror 2 through the optical through hole 1h, and 
then is sequentially reflected by the submirror 2 
and the parabolic mirror 1a of the main mirror 1. 
Thereafter, a beam of transmitting laser light is 
transmitted to an optical antenna of a destination 

15 station. On the other hand, a beam of transmitting 
laser light which has been reflected by the submir- 
ror 2 is reflected by the spherical return-reflection 
mirror 1b of the main mirror 1, so as to be returned 
toward the submirror 2, and then is reflected again 

20 by the submirror 2 so as to be incident toward the 
optical transceiver. Then, based on the beam of 
returned transmitting laser light (hereinafter, re- 
ferred to as a beam of returned transmitting laser 
light), an alignment adjustment for the optical sys- 

25 tern in the optical transceiver is performed. 

In the present preferred embodiment, it is 
noted that the wavelength of the beam of the 
transmitting light outputted from a laser diode 37 is 
slightly different from the wavelength of the beam 

ao of received light which is transmitted from the 
optical transceiver of the destination station and is 
received by the optical antenna 10 in such a de- 
gree that they can be separated by respective 
optical filters provided in a CCD sensor 30 and a 

35 QD sensor (quadrant detector sensor) 32. 

Referring to Fig. 2. in the center-fed cassegrain 
type optical antenna 10, the ring-shaped parabolic 
mirror 1a for transmitting and receiving beams of 
laser lights is provided on the outer periphery of 

40 the main mirror 1 so as to oppose to the submirror 
2, namely, so as to be formed on the surface of the 
main mirror 1 located on the side toward the direc- 
tion of reception and transmission of the optical 
antenna 10. Further, the ring-shaped concave 

45 spherical return-reflection mirror 1b for return-re- 
flecting a beam of transmitting laser light, in which 
an optical through hole 1h of a circular shape is 
formed having the center the optical axis CL 
passes through, is provided on the inner periphery 

50 of the main mirror 1 so as to oppose to the 
submirror 2, namely, so as to be formed on the 
surface of the main mirror 1 located on the side 
toward the direction of reception and transmission 
of the optical antenna 10. 

55 In the optical antenna 10, the position of the 

focal point Fp of the parabolic mirror 1a and the 
position of the center of curvature Rc of the spheri- 
cal return-refl ction mirror 1b are located at a point 

5 
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(r ferred to as a coincid nt point Fp = Rc 
hereinafter) so as to coincid with each other. Fur- 
ther, the submirror 2 made of th convex hyper- 
bolic mirror is provided at a position shifted from 
the coincident position Fp = Rc on the side toward 
a concave reflection surface of the main mirror 1, 
for example, See Fig. 7. In the present preferred 
embodiment, the centers of curvatures of the mir- 
rors 1a and 1b are so set as to be different from 
each other, and further, a ratio fp/fc of the focal 
length fp of the parabolic mirror 1a to the focal 
length fc of the spherical return-reflection mirror 1b 
is preferably set to a value slightly smaller than 2. 

As each of the materials for the main mirror 1 
and the submirror 2, optical glass is preferably 
used, such as the Zerodur or the like, having a 
relatively smaller thermal expansion coefficient. 
However, when the alignment adjusting system ac- 
cording to the present invention is provided, this 
allows the use of light-weight metal materials, such 
as Al, Mg, Be or the like, having a relatively smaller 
specific gravity and a relatively larger thermal con- 
ductivity, in the application of mounting the align- 
ment adjusting system onto a satellite. 

Further, if the two mirrors, that is parabolic 
mirror and spherical return-reflection mirror, are 
processed simultaneously by an ultra high-preci- 
sion machining, mis-alignment between the two 
mirrors is negligibly small and this good alignment 
accuracy will be maintained after these mirrors are 
launched in the space because the above-men- 
tioned larger thermal conductivity will minimize the 
thermal deformation of the mirrors. 

In general, the shape of the mirror surface of 
the optical antenna 10 can be approximated by an 
axially symmetrical quadratic surface. Assuming 
that the radius at any given position of the mirror 
surface from the optical axis is p, the curvature of 
the center of the quadratic surface is C, and the 
deformation parameter representing the shape of 
the quadratic surface is K, then the depth of mirror 
surface Sag from the intersection (vertex) between 
the quadratic surface and the optical axis of the 
mirror surface can be represented by the following 
equation (1): 

Sag = (C- P 2 ) / {1+(1-C 2 p 2 K) 1/2 } + asp 6 + aap 8 
+ aiop 10 + (1), 

where as to aio are coefficients representing 
higher-order aspherical surfaces, and further the 
deformation parameter K has the following mean- 
ings: 

(a) If K < 0, then the mirror surface of the main 
mirror 1 becomes a hyperbolic surface; 

(b) If K = 0, then the mirror surface of the main 
mirror 1 b comes a parabolic surface; 



(c) If 0 < K < 1 , th n the mirror surfac of the 
main mirror 1 b comes an elliptical surface; 

(d) If K = 1, then the mirror surfac of th main 
mirror 1 becomes a spherical surface; and 

5 (e) If K > 1, then the mirror surface of the main 
mirror 1 becomes an elliptical surface. 
For example, when the main mirror 1 is pro- 
vided comprising only a parabolic mirror 51 having 
a focal length fp of 30 as shown in Fig. 5, like a 

w conventional optical antenna, a beam of transmit- 
ting light transmitted from the focal point Fp toward 
the parabolic mirror 51 is reflected by the parabolic 
mirror 51 , and then, the transmitting light becomes 
collimated parallel light, which is then transmitted 

75 to the optical antenna of the destination station. 

On the other hand, when the main mirror 1 is 
provided comprising only a spherical mirror 52 with 
a focal length fp of 30 as shown in Fig. 6, a beam 
of transmitting light transmitted from the center of 

20 curvature Rc of the spherical mirror 52 toward the 
spherical mirror 52 is reflected by the spherical 
mirror 52, and then, it is returned to the center of 
curvature Rc along the same optical path. 

In the present preferred embodiment, as shown 

25 in Fig. 7, the main mirror 1 has not only a parabolic 
mirror 51 provided on the outer periphery side of 
the main mirror 1 but also a spherical mirror 52a 
provided on the inner periphery side of the main 
mirror 1. In the preferred embodiment of Fig. 7, the 

30 focal length fp of the parabolic mirror 51 is equal to 
30, and the focal length fp thereof is set to be 
slightly larger than the focal length fc of the spheri- 
cal mirror 52a equal to 15. In this case, a beam of 
transmitting light transmitted from the coincident 

35 position Fp = Rc of the focal point Fp and the 
center of curvature Rc toward the parabolic mirror 
51 and the spherical mirror 52a is reflected by the 
parabolic mirror 51 , and then, the transmitting light 
becomes a collimated parallel light, which is then 

40 transmitted toward the optical antenna of the des- 
tination station. The transmitting light is further re- 
flected by the spherical mirror 52a, and thereafter, 
it is returned to the center of curvature Rc along 
the same optical path. The returned transmitting 

45 light is used as a reference optical signal for the 
alignment adjustment for the optical system in the 
optical transceiver, as described in detail later. 

Further, in the optical antenna 10, a submirror 
driving mechanism 2d which has been known to 

so those skilled in the art is provided on the rear 
surface of the submirror 2 being opposite to the 
mirror surface of the submirror 2. In response to a 
control signal from an MPU (microprocessing unit) 
20, the submirror driving mechanism 2d moves the 

55 submirror 2 in a direction parallel to the optical axis 
CL coincident with the center axis of the optical 
antenna 10 which is the Z-axis dir ction of Figs. 1 
and 2 (hereinafter, referr d to as a Z-axis direction 
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of the optical antenna 10), and further moves the 
submirror 2 in two axial directions orthogonal to 
each other and perpendicular to the optical axis 
CL, wherein the two axial directions have an origin 
of the mirror center of the submirror 2. One of the 
two axial directions is, as shown in Figs. 1 and 2, a 
X-axis direction (referred to as an X-axis direction 
hereinafter) perpendicular to the paper surface of 
the drawings, and another one thereof is a Y-axis 
direction (referred to as a Y-axis direction 
hereinafter) defined on the paper surface of the 
drawings. 

Further, in the optical antenna 10, two-axes 
gimbals 1d are provided, the angle of which is 
changed in response to a control signal from the 
MPU 20, with the two axes in two directions or- 
thogonal to each other which respectively corre- 
spond to the X-axis direction and the Y-axis direc- 
tion of the optical antenna 10 and are parallel to the 
X-axis direction and the Y-axis direction thereof. 
Still further, the optical antenna 10 is provided with 
a hood 3 having a cylindrical shape concentric with 
the optical axis CL of the optical antenna 10, 
wherein the hood 3 is formed so as to cover the 
inner mirror surface of the main mirror 1 and the 
entire submirror 2, for the purpose of preventing 
unnecessary signal light from being incident into 
the inside of the optical antenna 10. 

As shown in Fig. 2, the optical system for 
optically connecting the optical transceiver and the 
optical antenna 10 comprises the followings: 

(a) an eyepiece 4 composed of a single-convex 
lens 4 and a double-convex lens 4b; 

(b) an FPM (fine pointing mirror module) 1 1 ; 

(c) three beam splitters 12, 13 and 14; and 

(d) a PAM (point-ahead mirror module) 15. 

The FPM 1 1 is provided for reflecting a beam 
of transmitting laser light and a beam of received 
light so that a beam of returned transmitting light 
sent from the eyepiece 4 is incident onto a reflect- 
ing mirror of the FPM 11 at an incident angle of 
45 ' and then goes out at an outgoing angle of 45 ' 
so as to be incident into the beam splitter 12. In 
the FPM 11, a direction passing through the inter- 
section between the mirror surface of the reflection 
mirror of the FPM 1 1 and the optical axis CL and 
being perpendicular to the paper surface of Fig. 1 
is defined as a Y-axis of the FPM 11, while a 
direction located on the mirror surface of the reflec- 
tion mirror of the FPM 11 and perpendicular to the 
Y-axis is defined as an X-axis of the FPM 11. The 
FPM 11 comprises a driving mechanism (not 
shown) for rotating the mirror surface of the reflec- 
tion mirror thereof around the X-axis and Y-axis of 
the FPM 11 in response to a control signal sent 
from the MPU 20. 

Further, the PAM 15 is provided for reflecting a 
beam of transmitting light so that a beam of trans- 



mitting light generated and transmitted from th 
laser diode 37 is incident onto a reflection mirror of 
the PAM 15 at an incident angl of 45* and then 
goes out at an outgoing angle of 45 * so as to be 

5 incident into the beam splitter 14. In the PAM 15, a 
direction passing through the intersection between 
the mirror surface of the reflection mirror of the 
PAM 15 and the optical axis CL and being per- 
pendicular to the paper surface of Fig. 1 is defined 

w as a Y-axis of the PAM 15, while a direction located 
on the mirror surface of the reflection mirror of the 
PAM 15 and perpendicular to the Y-axis is defined 
as an X-axis of the PAM 15. The PAM 15 com- 
prises a driving mechanism (not shown) for rotating 

75 the mirror surface of the reflection mirror thereof 
around the X-axis and Y-axis of the PAM 15 in 
response to a control signal sent from the MPU 20. 

In the optical antenna 10, a beam of receiving 
light received by the optical antenna 10 is reflected 

20 by the parabolic mirror 1a of the main mirror 1 and 
then is directed toward the submirror 2, which then 
reflects the beam of received light. The beam of 
received light reflected by the submirror 2 trans- 
mits toward the eyepiece 4 approximately in a 

25 direction parallel to the optical axis CL. 

The beam of received light and the above- 
mentioned beam of returned transmitting light are 
incident onto the FPM 1 1 through the eyepiece 4, 
and then are reflected by the reflection mirror of 

30 the FPM 11. Thereafter, these lights are incident 
into the beam splitter 12. The beam splitter 12 
divides these incident lights into two beams of 
lights, one of which (referred to as a beam of first 
light hereinafter) passes through the beam splitter 

35 12 as it is, and another one of which (referred to as 
a beam of second light hereinafter) is reflected and 
extracted. A beam of second light reflected by the 
beam splitter 12 is incident into the CCD sensor 
30, while a beam of first light passing through the 

40 beam splitter 12 is incident into the next beam 
splitter 13. 

Then the beam splitter 13 divides the incident 
light into two beams of lights, one of which (re- 
ferred to as a beam of third light hereinafter) 

45 passes through the beam splitter 13 as it is, and 
another one of which (referred to as a beam of 
fourth light hereinafter) is reflected and extracted. A 
beam of fourth light reflected by the beam splitter 
13 is incident into the QD sensor 32, while a beam 

50 of third light passing through the beam splitter 12 
is incident into the next beam splitter 14. Further, 
the beam splitter 14 then reflects the beam of light 
incident from the b am splitter 13, and makes the 
beam of reflected light be incident into a PD sensor 

55 (photodiode s nsor) 34. 

On the other hand, a modulator 36 modulates 
the transmitting light having a pr determined trans- 
mitting wavelength by a pred termined modulation 
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method such as an intensity modulation according 
to a transmission bas band signal inputted from 
an external apparatus, and then a beam of modu- 
lated transmitting light is outputted from the laser 
diode 37. The beam of modulated transmitting light 
is reflected by the reflection mirror of the PAM 15, 
and thereafter, passes sequentially through the 
three beam splitters 14, 13 and 12, then is incident 
onto the reflection mirror of the FPM 11. There- 
after, the beam of transmitting light is reflected by 
the reflection mirror of the FPM 11, and then is 
projected through the eyepiece 4 onto the submir- 
ror 2 of the optical antenna 10. 

The CCD sensor 30, as shown in Fig. 3, has a 
square-shaped photo-detector plane consisting of 
an X-axis and a Y-axis corresponding to the X-axis 
and the Y-axis of the optical antenna 10, respec- 
tively. The photo-detector plane of the CCD sensor 
30 comprises a plurality of photo-detector cells 
located at predetermined equal intervals so as to 
be parallel to the X-axis and the Y-axis, wherein 
each photo-detector cell is labeled with X and Y 
coordinates on a plane in a shape of a predeter- 
mined grating. The CCD sensor 30 further com- 
prises two band-pass filters (not shown), one of 
which passes therethrough only the above-men- 
tioned beam of returned transmitting light among 
the incident lights, and another one of which 
passes therethrough only the above-mentioned 
beam of received light among the incident light, 
namely, the beam of returned transmitting light is 
separated from the beam of received light. There- 
after, the beam of separated returned transmitting 
light is detected by the respective photo-detector 
cell and then is converted into an electric signal, 
which is outputted to a CCD processing circuit 31 . 
while the beam of separated received light is de- 
tected by the respective photo-detector cell and 
then is converted into an electric signal, which is 
outputted to the CCD processing circuit 31 . 

In response to the respective electric signals 
sequentially outputted from the CCD sensor 30, the 
CCD processing circuit 31 calculates not only geo- 
metrical time-average radius of an image of the 
beam of returned transmitting light obtained on the 
photo-detector plane of the CCD sensor 30 but also 
the maximum value in the light intensity distribution 
thereof, and then outputs these calculated data to 
the MPU 20. With respect to the beam of received 
light, in response to the respective electric signals 
sequentially outputted from the CCD sensor 30, the 
CCD processing circuit 31 further outputs to the 
MPU 20 an error signal representing th amounts 
of errors in the X-axis dir ction and the Y-axis 
direction from the origin O of Fig. 3 corresponding 
to the optical axis CL. In this case, the data of the 
time-averaged radius of the image and the maxi- 
mum value of the intensity of the beam of returned 



transmitting light includes information of a d focus- 
ing amount of the beam of transmitting light in the 
optical ant nna 10. 

Meanwhile, in response to the error signal of 

5 the beam of received light outputted from the CCD 
processing circuit 31, the MPU 20 controls the two- 
axes gimbals 1d so that the beam direction of the 
optical antenna 10 is directed toward the direction 
of the optical antenna of the destination station. 

70 Further, in the alignment adjustment process which 
will be described in detail later, the MPU 20 con- 
trols the submirror driving mechanism 2d in re- 
sponse to the data of the time-average radius of 
the beam of returned transmitting light and the 

75 maximum value of the distribution of the light inten- 
sity thereof which are outputted from the CCD 
processing circuit 31, so that the inputted time- 
average radius becomes the minimum value and 
also the submirror 2 moves forward or backward in 

20 the Z-axis direction of the optical antenna 10. This 
leads to correction of the defocusing amount of the 
beam of transmitting light, resulting in no defocus- 
ing amount of the beam of transmitting light, name- 
ly, in-focus state on the beam of transmitting light. 

25 If there is an extremely large defocusing amount of 
the beam of transmitting light, it is impossible to 
completely set the in-focus state thereon only by 
adjustment of the position of the submirror 2 in the 
Z-axis direction. Therefore, in this case, although 

30 not shown, the eyepiece 4 is moved forward or 
backward in a direction parallel to the optical axis 
CL by a driving mechanism (not shown) which has 
been known to those skilled in the art, so that the 
defocusing amount of the beam of transmitting 

35 laser light is corrected, resulting in the in-focus 
state. 

Further, the QD sensor 32, as shown in Fig. 4, 
comprises four photodiode cells PA1 to PA4, which 
are obtained by dividing the sensor surface of the 

40 QD sensor 32 into four quadrants with boundary 
lines of an X-axis and a Y-axis corresponding to the 
X-axis and the Y-axis of the optical antenna 10, 
respectively. The first, second, third and fourth 
quadrant cells are here denoted by PA1 , PA2, PA3 

45 and PA4, respectively, as seen from the front side 
of the QD sensor 32. Each of the photodiode cells 
PA1 to PA4 comprises two band-pass filters (not 
shown), one of which passes therethrough only the 
above-mentioned beam of returned transmitting 

so light among the incident lights, and another one of 
which passes therethrough only the above-men- 
tioned beam of received light among the incident 
light, namely, th beam of r turned transmitting 
light is separated from th beam of r ceived light. 

55 Thereafter, the beam of separated returned trans- 
mitting light is detected by the first group of 
photodiode cells PA1 to PA4 and then is converted 
into the first group of electric signals V1 to V4 



BNSDOCID: <EP 0607906A1_I_> 



15 



EP0 607 906 A1 



16 



respectiv ly for the first group of four photodiode 
cells PA1 to PA4, which are outputted to a QD 
processing circuit 33, while th beam of separated 
received light is detected by the second group of 
photodiode cells PA1 to PA4 and then is converted 
into the second group of electric signals V1 to V4 
respectively for the second group of four 
photodiode cells PA1 to PA4, which are outputted 
to the QD processing circuit 33. 

In response to the inputted first and second 
groups of electric signals V1 to V4 with respect to 
the beam of returned transmitting laser light and 
the beam of the received light, the QD processing 
circuit 33 calculates tracking error data Bx and 5y. 
each representing not only the direction and the 
amount of deviation or distance from the optical 
axis CL (respectively referred to as direction and 
amount of an axial deviation hereinafter), and then 
the QD processing circuit 33 outputs the calculated 
tracking error data fix and By to the MPU 20. The 
tracking error data 5x and By are represented by 
the following equations (2) and (3): 

ax = {(V1 +V4) - (V2 + V3)} / <V1 + V2 + V3 + V4)- 

(2) . 

and 

5y = {(V1 +V2) - (V3 + V4)} / (V1 + V2 + V3 + V4)- 

(3) , 

for both of the beam of transmitting light and the 
beam of received light. 

In response to the tracking error data 5x and By 
of the beam of received light outputted from the 
QD processing circuit 33, the MPU 20 controls the 
driving mechanism of the FPM 1 1 so that a beam 
of receiving light transmitted from the optical an- 
tenna of the destination station can be captured 
within a predetermined receiving field of view of 
the PD sensor 34. Further, in the alignment adjust- 
ment process which will be described in detail 
later, in response to the tracking error data 5x and 
5y of the beam of returned transmitting light output- 
ted from the QD processing circuit 33, the MPU 20 
controls the driving mechanism of the PAM 15 so 
that the tracking error data Bx and 6y of the beam 
of returned transmitting light coincide with the 
tracking error data 5x and By of the beam of re- 
ceived light, respectively, and further the mirror 
surface of the PAM 15 rotates around the X-axis 
and Y-axis of the PAM 15. 

In th pointing, acquisition and tracking system 
for the optical transceiver with the above-described 
arrangement, an initial acquisition is perform d by 
receiving a beacon light having a relatively wider 
field of view which is transmitted from the satellite 
of the destination station. In this initial acquisition 



process, the control system d tects an error from 
th tracking center of the luminescent spot of th 
beacon light outputted from the CCD sensor 30, 
and then controls the two-axes gimbals 1d coupled 
5 with the optical antenna 10 in response to the 
detected error, so as to direct the beam direction 
of the optical antenna 10 toward the direction of the 
satellite of the destination station. Thus, the beacon 
light is captured within the predetermined field of 
w view of the QD sensor 32, and thereafter, an track- 
ing error in the two directions perpendicular to 
each other is detected from relative ratios of 
amounts of lights incident onto the respective 
photodiode cells of the QD sensor 32. Then, based 
15 on the detected tracking error, the control system 
controls the driving mechanism of the FPM 1 1 to 
capture a beam of light transmitted from the sat- 
ellite of the destination station within the predeter- 
mined field of view of the PD sensor 34 for receiv- 
20 ing the same. Further, with the use of the PAM 15, 
a point-ahead angle, which will be described in 
detail later, is corrected, and then a beam of laser 
light is transmitted in the above-corrected direction, 
starting the optical communication with the satellite 
25 of the destination station. 

It is noted here that the point-ahead in the 
optical satellite communication performed either 
between an earth station and a low-earth-orbiting 
satellite station or between a geostationary satellite 
30 station and a low-earth-orbiting satellite station is 
different from that in general astronomy in the 
following point. That is, the pointing and tracking 
system of the optical transceiver is designed so as 
to track the direction of laser light coming up from 
35 the optical antenna of the destination station. How- 
ever, since the speed of light is a finite value of 
300,000 km/sec, the direction of the satellite of the 
destination station may have changed when the 
direction of light sent from the optical antenna of 
40 the destination station is detected, because of the 
relative movement therebetween. Further, since it 
takes a predetermined time for a beam of transmit- 
ting light to propagate to the satellite of the des- 
tination station, this leads to a deviation of the 
45 direction, similarly. In the optical satellite commu- 
nication performed between a geostationary sat- 
ellite station and a low-earth-orbiting satellite sta- 
tion, the above-mentioned deviation of the direction 
becomes approximately several tens micro-radian, 
so which is a value of an order which cannot be 
neglected in the laser communication involving an 
accurate tracking having an order of about 1 micro- 
radian. The point-ahead in astronomy relates to the 
deviation of the dir ctions of planets as seen from 
55 the earth, namely, the deviation of the directions in 
uni-directional light propagation. On the other hand, 
in optical sat llite communications, a point-ahead 
takes plac in the bi-dir ctional light propagation, 
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which results in a doubled amount of corr ction. 

Fig. 8 is a flow chart of control flow showing 
the alignment adjustment proc ss executed by the 
alignment adjusting system for use in the optical 
system in the optical transceiver shown in Rg. 1. 5 
The alignment adjustment process is periodically 
executed by the MPU 20 thereof at predetermined 
equal time intervals corresponding to the time con- 
stant of change in the temperature of the optical 
system, for example, once every 10 minutes or the to 
like. 

Referring to Fig. 8, in step S1 , in response to 
the tracking error data 5x and 5y of a beam of 
return-transmitting light outputted from the QD pro- 
cessing circuit 33, the MPU 20 controls the driving 75 
mechanism of the PAM 15 so that the tracking 
error data Sx and 5y of the beam of returned 
transmitting light coincide with the tracking error 
data fix and 5y of a beam of received light, respec- 
tively, and further the mirror surface of the reflec- 20 
tion mirror of the PAM 15 rotates around the X-axis 
and the Y-axis of the PAM 15. This allows the 
direction and amount of the axial deviation in the 
direction perpendicular to the optical axis of the 
light of transmitting laser light to be corrected, and 25 
then, which results in making the optical axis of the 
beam of transmitting laser light coincident with the 
optical axis of the beam of received light. 

Then, in step S2, in response to the time- 
average radius data and the maximum value of the 30 
intensity of the beam of returned transmitting light 
outputted from the CCD processing circuit 31 , the 
MPU 20 controls the submirror driving mechanism 
2d so that the inputted time-average radius data 
becomes the minimum value and further the sub- 35 
mirror 2 moves forward or backward in the Z-axis 
direction of the optical antenna 10. As a result, the 
defocusing amount of the beam of transmitting 
laser light can be corrected and is adjusted so that 
there is no defocusing amount, namely, adjusted 40 
into the in-focus state of the beam of transmitting 
laser light with a higher accuracy or preciseness. 

Although the wavelength of the beam of trans- 
mitting light and that of the beam of received light 
are made different from each other in the above- 45 
mentioned preferred embodiment, the present in- 
vention is not limited to this. The wavelength of the 
beam of transmitting light may be set so as to be 
the same, substantially the same, or approximately 
the same as that of the beam of received light, or 50 
the wavelength of the beam of transmitting light 
may be set so as to be extremely close to that of 
the beam of received light. In this case, th se 
beams of lights are set so that an area or a 
distribution of the beam of transmitting light is 55 
different from that of the beam of received light. 

For example, the beam of received light sub- 
stantially may set so as to exist on the out r 



periph ry of th circular b am spot having a pr - 
determined diameter, and th beam of transmitting 
light substantially may s t so as to exist on the 
inner periphery of the circular beam spot which is 
not overlapped on the outer periphery thereof. In 
this case, in each of the CCD sensor 30 and the 
QD sensor 32, a shutter mechanism is provided 
comprising a circular inner-peripheral shutter for 
shielding the beam of transmitting laser light lo- 
cated on the inner periphery of the circular beam 
spot and another ring-shaped outer-peripheral 
shutter for shielding the beam of received light 
located on the outer periphery of the circular beam 
spot. Then, the inner-peripheral shutter and the 
outer-peripheral shutter are controlled so as to be 
switched alternately using a time division multiplex 
based on a predetermined timing signal which is 
periodically generated. Based on the above-men- 
tioned timing signal, the signal detected by the 
CCD sensor 30 and the signal detected by the QD 
sensor 32 are discriminated from each other, and 
then the discriminated signals are separately ex- 
tracted. It is noted that the PD sensor 34 always 
extracts only the beam of received light located on 
the outer periphery thereof, and then converts the 
same into the electric signal. 

In the optical antenna 10 of the above-men- 
tioned preferred embodiment, the concave para- 
bolic mirror 1a for transmitting and receiving 
beams of lights is provided on the outer periphery 
of the main mirror 1, while the spherical return- 
reflection mirror 1b having the optical through hole 
1h for return-reflecting the beam of transmitting 
laser light is provided on the inner periphery of the 
main mirror 1 . 

Fig. 9 is a graph of a relationship between a 
gain of transmitting light and a gain of return- 
reflected transmitting light with a measure of a 
reciprocal of a wavefront radius [1/km] and a rela- 
tive gain [dB], showing not only lowering of the 
relative gain of the optical antenna due to a de- 
focusing in the present preferred embodiment, but 
also change in the maximum intensity of the beam 
of returned transmitting laser light. 

An alternate long and short dash line of Fig. 9 
shows a theoretical calculation result of the antenna 
gain with respect to the beam of transmitting laser 
light when an error of a circular-wavefront radius 
shown in the horizontal axis of Fig. 9 is generated 
in an aperture part of the optical antenna due to a 
defocusing, which is obtained with reference to the 
following document: Bernard J. Klein and John J. 
Degnan, "Optical Antenna Gain, 1 Transmitting An- 
tennas", Appli d Optics, Vol. 13, No. 9, in Septem- 
ber, 1974, on the following assumption: 

(a) an amplitude distribution of the beam of 
transmitting laser light is set to a Gaussian dis- 
tribution; 
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(b) a diameter of an aperture of the optical 
antenna is set to 19 cm; 

(c) a wavelength of th transmitting las r light is 
set to 0.83 urn; 

(d) a radius of the Gaussian beam in the ap- 
erture part of the optical antenna is set to 9.5 
cm; and 

(e) the radius of the submirror is set to 2.25 cm. 
Further, the solid line of Fig. 9 shows change 

in the intensity of the beam of return-reflected 
transmitting laser light when there is a defocusing 
similar to the above-mentioned amount. The ring- 
shaped concave spherical return-reflection mirror 
1b has an outer diameter of 2.25 cm and an inner 
diameter of 1.55 cm. The left end of Fig. 9 cor- 
responds to the state of no defocusing amount, 
namely, the in-focus state. In comparison between 
the in-focus state and the case where an error of 
the circular wavefront radius of 20 km is caused in 
the aperture part of the optical antenna, namely, 
the case of a reciprocal of a wavefront radius of 
0.05 1/km, the relative gain of the optical antenna 
decreases by 0.92 dB, and then this corresponds 
to 1.2 dB lowering of the signal intensity in the 
CCD sensor 30 with respect to the beam of re- 
turned transmitting laser light. 

Therefore, for example, if an intensity measure- 
ment of the beam of returned transmitting light in 
the CCD sensor 30 has a preciseness of 20 % or 
less, namely, -1 dB or less, the deterioration 
amount of the gain of the optical antenna due to 
defocusing of the beam of transmitting laser light 
can be prevented from raising more than 1 dB. 
This sensitivity sufficiently satisfies predetermined 
requirements for the optical antenna of the optical 
transceiver. 

That is, since the detection sensitivity for the 
defocusing amount of the optical system is in in- 
verse proportion to the diameter of the spherical 
return-reflection mirror 1b without the optical 
through hole 1h, providing the spherical return- 
reflection mirror 1b is provided on the inner periph- 
ery leads to lowering of the detection sensitivity of 
alignment error. However, the surface which is 
shielded by the submirror 2 so as to be unusable 
for a beam of transmitting laser light can be effec- 
tively utilized, and this allows the effective diameter 
of the main mirror 1 to be reduced advantageously. 

Further, the concave parabolic mirror 1a for 
transmitting and receiving beams of lights may be 
provided on the inner periphery of the main mirror 
1, while the spherical return-reflection mirror 1b 
having the optical through hole 1h for return-reflect- 
ing the beam of transmitting laser light may be 
provided on the outer periphery of the main mirror 
1. 

In the above-mentioned preferred embodiment, 
the center-fed cassegrain type optical antenna 10 



comprising th main mirror 1 including the concave 
parabolic mirror 1a for transmitting and receiving 
beams of lights and the concave spherical return- 
reflection mirror 1b for return-reflecting a beam of 
5 transmitting laser light has been used, the present 
invention is not limited to this. However, for exam- 
ple, a Richey-ChrStien type optical antenna may be 
used for the purpose of obtaining a wider tracking 
angle range. In such a case, in the main mirror 1 , a 
10 concave hyperbolic mirror having a mirror surface 
close to a concave parabolic surface may be used 
for transmitting and receiving beams of lights, while 
a concave elliptic mirror having a reflection mirror 
close to a concave spherical mirror may be used 
15 for return-reflecting a beam of transmitting light. In 
this case, the deformation parameter K of the for- 
mer hyperbolic mirror is preferably in a range of 
-0.1 < K < 0, and the deformation parameter K of 
the latter elliptic mirror is preferably in a range of 
20 0.9<K<1.0. 

In the above-mentioned preferred embodiment, 
the main mirror 1 is provided together with a mirror 
surface for return-reflecting a beam of light, where- 
by alignment adjustment can be achieved for ar- 
25 rangement of the devices located over from the 
optical transceiver through the optical system to 
the submirror 2 and the main mirror 1. However, 
the present invention is not limited to this arrange- 
ment. A mirror surface for return-reflecting a beam 
30 of transmitting light may be provided in the submir- 
ror 2. In this case, a reflection mirror having such 
mirror surface for return-reflecting a beam of light 
is required only to be either a spherical surface or 
an elliptic surface close to a spherical surface, 
35 wherein the reflection mirror is provided on the 
inner peripheral portion or the outer peripheral por- 
tion of the submirror 2. In this modification exam- 
ple, the submirror 2 is a convex hyperbolic mirror, 
while the reflection mirror for return-reflecting a 
40 beam of light is either a concave spherical mirror 
or a nearly-spherical concave elliptic mirror formed 
integrally together with the submirror 2 and con- 
centrically with the submirror 2 around the optical 
axis CL. With this arrangement, alignment adjust- 
45 ment can be achieved for arrangement of the de- 
vices located over the area from the optical tran- 
sceiver through the optical system to the submirror 
2. Furthermore, in the case where the main mirror 
1 and the submirror 2 are mechanically coupled 
so with each other and further an accurate alignment 
adjustment is achieved therefor, alignment adjust- 
ment can be achieved for arrangement of the de- 
vices located over the area up to the submirror 2 
and the main mirror 1 through the optical system. 
55 Although the optical antenna is used for bi- 

directional optical transceiver in the above-men- 
tioned preferr d embodiment, the present invention 
is not limited to this. The present inv ntion may be 
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applied to a uni-directional optical transmitt r in- 
t nded for only transmission or an optical broad- 
casting transmitter int nded for only transmission. 

Although the communication signals of the 
wavelength region of light are used in the above- 
mentioned preferred embodiment, the present in- 
vention is not limited to this. The present invention 
may be applied to transceiver or broadcasting ap- 
paratus which employ communication signals of a 
frequency band of microwave, semi-millimeter 
wave, millimeter wave, or the like. 

By the arrangement of the above-mentioned 
preferred embodiments, when the reflection mirror 
for return-reflecting a beam of transmitting light is 
provided in the main mirror, the defocusing amount 
of the beam of transmitting laser light can be 
corrected so as to be substantially zero over the 
optical system from the optical transceiver through 
the optical coupling or connection means to the 
submirror and the main mirror of the optical an- 
tenna. On the other hand, when the reflection mir- 
ror for return-reflecting a beam of transmitting light 
is provided in the submirror, the defocusing 
amount of the beam of transmitting laser light can 
be corrected so as to be substantially zero over the 
optical system from the transceiver through the 
optical coupling or connection means to the sub- 
mirror of the optical antenna. As a result, the size 
of the alignment adjusting system for use in the 
optical system in the optical transceiver of the 
present invention can be made smaller and the 
weight thereof can be made smaller than those of 
the conventional apparatuses, and further the 
present invention is capable of adjusting arrange- 
ment of the optical system located from the optical 
transceiver through the optical coupling or connec- 
tion means to the submirror or the main mirror of 
the optical antenna with a higher accuracy. The 
provision of the alignment adjusting system allows 
the main mirror and the submirror to be made of 
light-weight metal materials each having a relatively 
smaller specific gravity and a relatively larger ther- 
mal conductivity, such as Al, Mg, Be or the like. 
Accordingly, the weight of the satellite in which the 
optical transceiver is provided can be advanta- 
geously and remarkably reduced. 

By the arrangement of the above-mentioned 
preferred embodiment, when the reflection mirror 
for return-reflecting a beam of transmitting laser 
light is provided in the main mirror, the deviation 
amount of the beam of transmitting light from the 
optical axis of the optical system can be corrected 
so that the optical axis coincides with that of the 
beam of received light, over the optical syst m 
from the optical transceiver through the optical 
coupling or connection means to the submirror and 
the main mirror of th optical antenna. On the other 
hand, when the reflection mirror for return-reflecting 



a beam of transmitting light is provided in the 
submirror, the deviation amount of th beam of 
transmitting laser light from the optical axis of the 
optical system can be corrected so that the optical 

5 axis of the beam of transmitting light coincides with 
that of the beam of received light, over the optical 
system from the optical transceiver through the 
optical coupling or connection means to the sub- 
mirror of the optical antenna. Accordingly, the size 

io of the alignment adjusting system for use in the 
optical system in the optical transceiver of the 
present invention can be made smaller and the 
weight thereof can be made smaller than those of 
the conventional apparatuses, and further the 

75 present invention is capable of adjusting arrange- 
ment of the optical system from the optical tran- 
sceiver through the optical coupling or connection 
means to the submirror or the main mirror of the 
optical antenna with a higher accuracy. 

20 

Claims 

1. An alignment adjusting system for use in an 
optical system in an optical transceiver, com- 

25 prising: 

an optical antenna (10) having a main mir- 
ror (1a) and a submirror (2), both of which 
being provided around an optical axis (CL) of 
said optical antenna (10) and away from each 

30 other by a predetermined interval, said optical 

antenna (10) transmitting a beam of transmit- 
ting light outputted from said optical trans- 
ceiver to an optical antenna of a destination 
station after sequentially reflecting said beam 

35 of transmitting light by said submirror (2) and 

said main mirror (1); 

an optical coupling means (4, 11 to 15) for 
optically coupling said optical antenna (10) to 
said optical transceiver; 

40 a return-reflection mirror (1b) for return- 

reflecting a part of said beam of transmitting 
light, said return-reflection mirror (1b) being 
provided in either one of said main mirror (1a) 
and said submirror (2); 

45 first detection means (30, 31) for detecting 

a defocusing amount of said beam of transmit- 
ting light in said optical antenna (10), in re- 
sponse to said beam of transmitting light re- 
turn-reflected by said return-reflection mirror 

50 (1b); 

first moving means (2d) for moving said 
submirror (2) in a direction parallel to the op- 
tical axis (CL) of said optical antenna (10); and 
first control m ans (20) for controlling said 

55 first moving means (2d) so that the defocusing 

amount of said beam of transmitting light be- 
comes substantially z ro, in respons to a 
defocusing amount of said beam of transmit- 

12 
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ting light in said optical antenna (10) which is 
detected by said first detection means (30, 
31). 

2. The alignment adjusting system as claimed in 
Claim 1 , 

wherein said optical antenna (10) sequen- 
tially reflects a beam of received light received 
from said optical antenna (10) of said destina- 
tion station by said main mirror (1a) and said 
submirror (2), and thereafter, outputs said 
beam of reflected light to said optical tran- 
sceiver through said optical coupling means (4, 
11 to 15); and 

said alignment adjusting system further 
comprising: 

second detection means (32, 33) for de- 
tecting a deviation amount of said beam of 
transmitting light from the optical axis (CL) of 
said optica! antenna (10), in response to said 
beam of transmitting light return-reflected by 
said return-reflection mirror (1b); 

third detection means (32, 33) for detect- 
ing a deviation amount of said beam of re- 
ceived light from the optical axis (CL) of said 
optical antenna (10) in response to said beam 
of received light reflected by said submirror 
(2); 

second moving means (15) for moving the 
optical axis of said beam of transmitting light 
transmitting in said optical coupling means (4, 
11 to 15), said second moving means (15) 
being provided in said optical coupling means 
(4, 11 to 15); and 

second control means (20) for controlling 
said second moving means (15) so that the 
deviation amount of said beam of transmitting 
light from the optical axis (CL) of said optical 
antenna (10) coincides with the deviation 
amount of said beam of received light from the 
optical axis (CL) of said optical antenna (10), in 
response to the deviation amount of said beam 
of transmitting light from the optical axis (CL) 
of said optical antenna (10) which is detected 
by said second detection means (32, 33) and 
the deviation amount of said beam of received 
light from the optical axis (CL) of said optical 
antenna which is detected by said third detec- 
tion means (32, 33). 

3. The alignment adjusting system as claimed in 
Claim 1 or 2, 

wherein said main mirror (1a) is either one 
of a ring-shaped concave parabolic mirror and 
a ring-shaped concave nearly-parabolic hyper- 
bolic mirror; 

said return-reflection mirror (1b) is eith r 
on of a ring-shaped concave spherical mirror 



and a ring-shaped concave n arly-sph rical I- 
liptical mirror, said return-reflection mirror (1b) 
being formed int grally tog th r with said main 
mirror (1a) and concentrically with said main 

5 mirror (1a) around the optical axis (CL) of said 

optical antenna (10); and 

said main mirror (1a) and said return-re- 
flection mirror (1b) are arranged so that a focal 
point (Fp) of said main mirror (1a) coincides 

70 with the center (Rc) of curvature of said return- 

reflection mirror (1b). 

4. The alignment adjusting system as claimed in 
Claim 3, 

rs wherein said main mirror (1a) is provided 

on an outer periphery of a ring-shaped body, 
while said return-reflection mirror (1b) is pro- 
vided on an inner periphery of said ring- 
shaped body, and 

20 said return-reflection mirror (1b) has an 

optical through hole (1h) for passing said beam 
of transmitting light and said beam of received 
light therethrough, said optical through hole 
(1h) having a center coinciding with the optical 

25 axis (CL) of said optical antenna (10), said 

optical through hole (1h) being formed so as to 
be concentric with said main mirror (1a) ar- 
ound the optical axis (CL) of said optical an- 
tenna (10). 

30 

5. The alignment adjusting system as claimed in 
Claim 1 or 2, 

wherein said submirror (2) is a convex 
hyperbolic mirror, and 

35 said return-reflection mirror (1b) is either 

one of a concave spherical mirror and a con- 
cave nearly-spherical elliptical mirror which is 
formed integrally and concentrically with said 
submirror (2) around the optical axis (CL) of 

40 said optical antenna (10). 



45 
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Fig. 6 
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Fig.8 
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Alignment 
adjustment process 



Control PAM to be driven 
based on output of QD sensor 



Control submirror driving mechanism 
based on output of CCD sensor 



f Return ) 



BNSDOCID: <EP_06O7906A1J_> 



18 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



Application Number 

EP 94 10 0607 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Citation of document with indication, where appropriate, 
of relevant passages 



Relevant 
to claim 



CLASSIFICATION OF THE 
APPLICATION (Int-CL 5) 



SPIE PROCEEDINGS EC02 , OPTICAL SPACE 
COMMUNICATION, 

vol.1131, 24 April 1989, PARIS, FRANCE 
pages 10 - 23 

M.FITZMAURICE ET AL 'NASA/GSFC Program in 
Direct Detection Optical Communications 
for Intersatellite Links 1 

* page 15, left column, paragraph 2 - 
right column, paragraph 1; figures 3,6 * 

ELECTRONICS AND COMMUNICATION ENGINEERING 
JOURNAL, 

vol.3, no. 6, December 1991, LONDON GB 
pages 273 - 279 

G.D.FLETCHER ET AL 'The SILEX optical 
interorbit link experiment 1 

* figure 4 * 

ELECTRONICS AND COMMUNICATION ENGINEERING 
JOURNAL, 

vol.3, no. 6, December 1991, LONDON GB 
pages 280 - 288 

P. V.GATENBY ET AL •Optical intersatellite 
links 1 

* page 282, left column, paragraph 2 - 
right column, paragraph 1; figure 2 * 

* page 283, left column, paragraph 4 * 

PATENT ABSTRACTS OF JAPAN 

vol. 8, no. 167 (E-258) (1604) 2 August 

1984 

& JP-A-59 063 804 (MITSUBISHI DENKI) 

* abstract * 



1.2 



H04B10/10 



1,2 



1,2 



TECHNICAL FIELDS 
SEARCHED (Int.CI.S) 



H04B 
HOiq 



1-5 



The present search report has been drawn up for all claims 



Plac* tearfc 

THE HAGUE 



Dale of covpldtoa of the lewd 

22 April 1994 



Goudelis, M 



CATEGORY OK CITED DOCUMENTS 



X : particularly relevant if taken alone 
Y : particularly relevant if combined with 

docuiaent of the same category 
A : technological background 
O : bod- written disclosure 
P : Intermediate document 



T : theory or principle underlying the invention 
K : earlier patent document, but published on, or 

after the filing date 
D : document died (n the application 
I. : document cited for other reasons 



& : member of the same patent family, corresponding 
document 



BNSDOCtD: <EP 0607906A1_I_> 



